A chitinase gene from Bacillus cereus was cloned and expressed in Escherichia coli. The purified recombinant chitinase had much higher (128 fold) specificity to pNP--(GlcNAc) 3 than to pNP--(GlcNAc), suggesting endochitinase. Thirty-three amino acids in the N-terminal were recognized and cut off during expression, which consequently made the M r not correspond to that predicted.
Chitin is a linear unbranched homopolymer composed of -1,4-linked N-acetyl-D-glucosamin (GlcNAc). Chitin and its derivatives with specific degrees of polymerization (DP) were found to have antitumor, immunoadjuvant, hypolipidemic, hemostatic, antimicrobial, and biodegrade abilities. They could also accelerate wound-healing, the growth of Lactobacillus bifidus, and elicitation of phytoalexins. 1) Chitinases can hydrolyze chitin into chito-oligosaccharides, and are roughly classified into -N-acetylhexosaminidase (EC 3.2.1.52, known as exochitinases) and 1,4--poly-N-acetylglucosaminidase (EC 3.2.1.14, known as endochitinases).
2) Although some characteristics of chitinase 3, 4) and the cloning and expression chitinase 5, 6) from Bacillus cereus have been investigated, the characteristics of purified recombinant chitinase remain poorly understood. The purification method can be improved. In this study, an endochitinase gene from B. cereus was cloned and expressed in the E. coli AD494(DE3)pLysS. The recombinant chitinase was purified and characterized. The cleavage of sequence of this recombinant enzyme in E. coli is reported here for the first time.
The genomic DNA of B. cereus was isolated by the method of Sambrook and Russel, 7) and then chitinase gene of 2,025 bp. was amplified with a pair of primers. The sense primer had oligonucleotide sequences of 5 0 -(ATG GCT AGC TCT CAA AAA TTC ACA CTG CTA TTA)-3 0 , while the antisense primer oligonucleotide sequences of 5 0 -(GTG CTC GAG CTA GTT TTC GCT AAT GAC GGT ATT TAA AAG)-3 0 . The underlined sequences contained in the sense and antisense primers are the recognition sites of the NheI and XhoI restriction enzymes respectively, while the framed sequence is the stop codon. The amplified gene fragment was finally constructed into pET23a(+) to form pET23a(+)-endochitinase, and then transformed into E. coli AD494(DE3)pLysS for protein expression by IPTG induction.
The recombinant enzyme extracted from the cytoplasm of E. coli transformant was purified by DEAESepharose FF and Sephacryl S-200 HR chromatography. The crude enzyme (30 ml) was adjusted to pH 8.5 and passed through a DEAE-Sepharose FF (I.D. 2:6 cm Â 25 cm), and eluted with a linear gradient of 0.0 to 0.2 M NaCl in 20 mM Tris-acetate buffer (buffer A, pH 8.5) (Fig. 1A) . Fractions with chitinase activity from DEAESepharose FF were pooled and concentrated to a minimum volume by Amicon ultrafiltration (Millipore, Billerica, MA) with a 5 kDa cut off membrane and then chromatographed on Sephacryl S-200 HR (I.D. 2:6 cm Â 90 cm) with 3 ml/tube was collected at a flow rate of 0.5 ml/min. Fractions (95-103) were collected ( Fig. 1B) as pure recombinant chitinase. Recovery and purification-fold were 78.7% and 22.9 respectively. The recovery of the purification method we report here was much higher than that described in the previous literature. 6, 8) According to the DNA sequence, the predicted molecular mass (M r ) of the recombinant endochitinase is 74.5 kDa, similar to chiB. 5) However, the M r of the purified recombinant endochitinase shown in SDS-PAGE was around 69.6 kDa (Fig. 1C) , similar to ChiCW 6, 8) from B. cereus. To investigate the difference in M r between the mature protein and the predicted one, a (His) 6 tag was fused to the C-terminal of the recombinant endochitinase. The M r of the purified recombinant endochitinase was observed at a similar position on SDS-PAGE compared with that without the (His) 6 tag (data not shown). Since there was no splicing process on the RNA level in the prokaryote organism, this suggested that the recombinant protein was cleaved from the N-terminal. The result of the N-terminal amino acid sequencing was DSPKQSQK (Fig. 2) , indicating that 33 amino acids were cut off from the recombinant endochitinase. The colloidal chitin hydrolyzing activity suggested that the active site of chitinase was not embedded inside the protein molecules. The cut of the N-terminal amino acid sequence was considered to be a y To whom correspondence should be addressed. Tel: +886-4-26328001 ext. 15375; Fax: +886-4-26527510; E-mail: stjiang@pu.edu.tw
Note signal peptide, 6, 8) since its sequence was similar to that from the wild-type chitinase of B. cereus. 6, 8) In addition, this sequence was cut not only by B. cereus but also by E. coli.
Chitinase activity was assayed using 1% colloidal chitin in 50 mM phosphate buffer (pH 7.0) as substrate. The 2,4-dinitrosalicylic acid (DNS) reagent (containing 0.5 g/l of DNS, 8 g/l of NaOH and 150 g/l of sodium, potassium tartarate) was added to stop the reaction, and the mixture was boiled for 5 min to develop color. 9) One unit (U) of chitinase activity was defined as the amount of enzyme that can hydrolyze colloidal chitin and release 1 mg of N-acetylglucosamine equivalent within 1 min at 37 C. The activity of the recombinant endochitinase increased with increasing of pH up to pH 6.0 in sodium citrate buffer. The optimal pH was 6.0. It was stable at pH ranging from 3.0 to 9.0 (data not shown). In this study, the stable pH range of recombinant endochitinase was wider than that of chitinase in papaya (5.0 to 9.0), 10) jelly fig (pH 4.0) , 11) spruce budworm (pH 6.0 to 9.0), 12) stem bromelain (pH 4), 13) Aspergillus sp. (pH 5), 14) and pancreas of toad (pH 6.0).
15) The optimal temperature was 55 C, similar to that of chitinase from stem bromelain (50 C), 13) Aspergillus sp. (60 C), 14) and jelly fig (60 C) 11) but was much higher than that of chitinase in papaya (30 C). 10) Recombinant endochitinase was very stable at 55 C but enzyme activity decreased dramatically at >60 C. Purified recombinant endochitinase was strongly inhibited by Fe 3þ , Cu 2þ , Hg 2þ , and sodium dodecyl sulfate, and moderately inhibited by Li The framed DNA sequence is the restriction enzyme NheI recognition site, and the underlined amino acid sequence is the result of N-terminal sequencing to the purified endochitinase.
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, and EDTA (data not shown). However, it was activated by Mn 2þ , Co 2þ , urea, and -Me. According to previous studies, chitinase from Aspergillus sp. 14) was activated by Mn 2þ and Co 2þ , while those from Streptomyces sp. 16) and Pseudomonas sp. 17) were strongly inhibited by these two metal ions. The purified enzyme was strongly inhibited by Cu 2þ and Hg 2þ , but activated by -Me, indicating that the active site contains cysteine. Although purified endochitinase was inhibited by various metal ions, Na þ appeared to have different effects on this enzyme. Its activity decreased with increases of Na þ in <10 mM, enhanced with in >10 mM, but no effect was observed in Na þ >50 mM (data not shown). The increase Na þ in >10 mM might have been due to the increase affinity of carbohydrate binding modules, which consequently enhanced the enzyme activity. 18) Compared with chitosan (DA 80%) and chitin powder (-crystalline chitin), purified recombinant endochitinase had higher specificity to colloidal chitin. No hydrolytic activity was observed in the substrates of cellulose, Avicel Ò PH-101, or CMC (carboxymethyl cellulose) ( Table 1) . Higher specificity to chito-substrates of the purified recombinant endochitinase in this study was similar to those from Bacillus sp. 19, 20) Serratia sp., 21) rice 22) and Streptomyces sp. 23) However, its low hydrolytic activity against glycol chitosan was different from previous studies. 19, 20, 22) Specificity to synthesized substrates, pNP--GlcNAc and pNP--(GlcNAc) 3 , was investigated using 1.25 mM substrate in 50 mM acetate buffer (pH 5.5). The enzyme reaction was stopped by the addition of 0.25 M NaCO 3 . The activity of this recombinant endochitinase on pNP--GlcNAc and pNP--(GlcNAc) 3 was 1.8 AU/ml and 230 AU/ml respectively, while that on the colloidal chitin substrate was 78.3 U/ml under the chitinase assay. According to the substrate specificity, the sensitivity of purified recombinant chitinase to pNP--(GlcNAc) 3 was almost 128-fold higher than that to pNP--GlcNAc, suggesting that the recombinant enzyme was endochitinase. 24) 
